Introduction
As with many cancers, lymphomagenesis has been recognized as a multistep process with the acquisition of a range of oncogenic events usually requiring many years or decades to evolve. More recently, early lesions in lymphomagenesis have been described, including in particular certain variants of follicular lymphoma such as in situ follicular neoplasia (ISFN) [1] , previously known as follicular lymphoma in situ [2] , in which the nodal architecture is preserved and the lesion can by definition only be detected by immunohistochemistry (IHC), partial involvement by follicular lymphoma, and duodenal follicular lymphoma, as well as in situ mantle cell neoplasia (ISMCN), previously known as in situ mantle cell lymphoma [3] [4] [5] [6] .
The t(14; 18)(q32;q21) translocation, which results from erroneous VDJ recombination, is one of the earliest events in follicular lymphomagenesis, occurring in B-cell precursors in the bone marrow [7] . Of note, this has also been observed in very low frequencies in circulating B cells from healthy adults [8, 9] , increasing in frequency in older individuals [10] . This genetic aberration, which is found in the vast majority of follicular lymphomas [11] , leads to constitutive pathologic overexpression of the anti-apoptotic bcl-2 protein in germinal center B cells [12] , readily detectable in tissue sections by IHC.
Similar to ISFN, the nodal architecture in ISMCN is preserved and can only be recognized by IHC detecting cyclin D1 expression on B cells in the mantle zones [5, 6] . These ISMCN carry the characteristic t(11; 14) translocation observed in full-blown mantle cell lymphoma [13] . Furthermore, cells carrying the t(11; 14) translocation can also be detected in the peripheral blood of healthy individuals, albeit at a very low frequency [14] . In ISFN as well as in ISMCN, detection of transformed B cells within morphologically intact follicles may represent the tissue counterpart of transformed/translocation-carrying lymphocytes in the circulation.
The incidence and prevalence of ISFN in the adult population have been described and they appear to be low [15] [16] [17] . Similarly, ISMCN is an exceptionally rare event, as described by Adam et al. [18] . Although it is to be expected that ISFN and ISMCN are a very rare event in the pediatric population, this has not been studied systematically before. The primary aim of this study therefore was to examine the frequency of nodal in situ neoplasms of the ISFN type, as well as ISMCN, in an unselected pediatric population by retrospective analysis of surgical lymph node specimens. In light of the detailed reviews necessary to rule out (incidental) in situ neoplasms, the secondary aim was to more closely categorize the reactive lymph node changes observed.
Materials and Methods

Case Selection
Cases for retrospective analysis were selected from pediatric patients with lymphadenectomy specimens from the Institutes of Pathology of the University of Bern and the University Hospital of Basel between 1990 and 2013. A search was conducted in both institutes using the software PathoWin+ (Basys Data, Binningen, Switzerland) with the terms 'lymphadenectomy'/'lymph node'. Lymph nodes had been removed for the purpose of staging solid tumors, unexplained lymphadenopathies or lymph node enlargement, or presumed inflammatory processes, or in conjunction with other surgical interventions (e.g. appendectomy). This study was approved by the ethics committee.
Formalin-fixed, paraffin-embedded samples were available from all patients. Inclusion criteria included: absence of overt lymphoma in the examined lymph nodes, a negative clinical history of lymphoma, and presence of at least one reactive follicle with a recognizable germinal center in the routine hematoxylin and eosin (H&E)-stained sections. All patients were 18 years or younger at the time of lymph node excision. The main primary exclusion criteria were: age >18 years, a history of lymphoma, and poor material quality or quantity (inadequate initial resection material or insufficient remaining tissue volume or tissue preservation). A total of 392 patients (234 males and 158 females, median age 9.0 years, range 0.2-18 years) were identified and amenable for analysis.
Immunohistochemistry
All lymph nodes had been stained for routine histological examination with H&E. Those slides were used for double-headed review of the diagnoses (Y.B. and A.T. or S.H. and A.T.). All cases were stained for bcl-2 as well as for cyclin D1 by IHC on an automated immunostainer (Leica BOND-III, Leica Biosystems, Nussloch, Germany, in Bern or BenchMark XT, Ventana Medical Systems, Tucson, Ariz., USA, in Basel). Following pretreatment according to the manufacturer's protocols, the slides were incubated at room temperature with monoclonal mouse anti-human bcl-2 (working concentration 1: 100; Dako, Agilent Technologies, Glostrup, Denmark) and cyclin D1 (working concentration 1: 25; Cell Marque, Rocklin, Calif., USA). Antigen detection was performed using a commercial detection kit (Bond Polymer Refine Detection, UltraView Detection Kit; Ventana) with diaminobenzidin as the chromogen.
Analysis of H&E Sections and IHC Staining
All H&E sections were reviewed by at least 2 board certified pathologists and assessed for suitability (see above). A morphological pattern diagnosis was made according to the following categories: follicular hyperplasia, paracortical hyperplasia, sinus histiocytosis, necrotizing and nonnecrotizing granulomatous lymphadenitis, suppurative lymphadenitis, and (other, nonspecific) reactive changes. One to 4 histological diagnoses were made in each individual case. For assessment of the expression profile of bcl-2 and cyclin D1, the stained slides were evaluated by experienced hematopathologists and ambiguous cases discussed.
The diagnostic criteria for ISFN have previously been described [4, 18] . They encompass lymph nodes with an intact lymphoid architecture, including the presence of preserved paracortical/interfollicular areas and follicles with intact mantle zones. bcl-2-positive neoplastic cells of mainly the centrocytic type are confined to the germinal centers of the follicles, which show a low proliferative index. This definition aims to separate ISFN from partial involvement by follicular lymphoma, in which an altered architecture with larger, often grouped affected follicles is observed with illdefined mantle cuffs, the presence of centroblasts, and a variable intensity of bcl-2 staining. Similar to ISFN, the nodal architecture in ISMCN is preserved, and as such it can also be recognized by IHC staining as the presence of cyclin D1-expressing cells within the mantle zone of otherwise reactive follicles [5, 6] .
Statistical Analysis
Results between groups were compared using a one-way-analysis of variance (ANOVA). p < 0.05 was considered statistically significant. Analyses were conducted using SAS v9.2 (SAS Institute, Cary, N.C., USA).
Results
Demographics
The clinicopathological characteristics of the two cohorts are summarized in table 1 . In total, 392 cases were amenable to analysis. Three hundred fifteen cases were from Bern [i.e. 194 (62%) males and 121 (38%) females] and 77 cases were from Basel [i.e. 40 (52%) males and 37 (48%) females]. The Bern cohort presented with an average age of 9.6 ± 5.8 years (median 9.0 years, range 0.2-18 years), and no significant sex-specific differences were noted (male average 9.5 ± 5.8 years, median 9.0 years, vs. female average 9.8 ± 5.8 years, median 10.0 years; p = 0.321). The Basel cohort presented with an average age of 9.1 ± 5.3 years (median 8.0 years, range 0.25-18 years), and no significant sex-specific differences were noted (male average 9.9 ± 5.3 years, median 9.5 years, vs. female average 8.3 ± 5.0 years, median 7.0 years; p = 0.092). Figure 1 summarizes the distribution of the histopathological diagnoses of the lymph node specimens. In total, 536 diagnoses were rendered to the 392 reviewed cases. The most frequent reactive change observed was follicular hyperplasia (n = 248; 46.3%), followed by paracortical hyperplasia (n = 106; 19.8%) and sinus histiocytosis (n = 57; 10.6%). Granulomatous lymphadenitis, with or without necrosis, constituted 9.2% (n = 49) of all of the diagnoses in the entire group, being particularly strongly represented in the Basel cohort, where this diagnosis constituted 21.2% of all diagnoses. No sex predilection or annual or seasonal peak was observed. While in most cases a descriptive diagnosis based on the morphological presentation was made, some lymphonodectomy specimens yielded a definite diagnosis, in particular also after additional analyses (including molecular pathology; see table 2 ).
Results of the Morphological Analysis
Results of IHC Staining
In all tissue sections of the entire cohort examined by conventional histology and IHC, not a single case of ISFN or ISMCN was detected. Clinical follow-up, where available, revealed development of lymphoma in 1 case from Basel with a diagnosis of nodular lymphocyte-predominant Hodgkin lymphoma 1 year after the initial lymph node excision in a 15-year-old boy. In 2 cases from Bern, EBV-associated lymphomas (diffuse large B-cell and Hodgkin's lymphoma, classical type) were diagnosed in 2 brothers aged 5 and 16 years (data last reviewed at the end of 2015). 
Discussion
While the frequency of (incidental) ISFN and ISMCN in adults has been described [15] [16] [17] [18] , and its prevalence in the pediatric population is indeed expected to be even lower, no systematic study exists to prove the point of the true prevalence of (incidental) early nodal neoplasms, comprising ISFN and ISMCN, in an unselected pediatric population and to describe the morphological patterns of the reactive changes observed.
In this large pediatric population (1990-2013), not a single case of ISFN or ISMCN lymphoma was detected.
In previous studies of adult populations, the prevalence of ISFN has been shown to be in the low percentages [15] [16] [17] , whereas the prevalence of the signature t(14; 18) translocation in the peripheral blood of healthy individuals is comparatively high, increasing with age [8] [9] [10] 19] . While cord blood samples and peripheral blood mononuclear cells from children aged <10 years did not show any positive cells using quantitative real-time polymerase chain reaction [16] , this increased to 66% of individuals in their 5th decade. Compared to ISFN, the prevalence of ISMCN in the adult population is even lower [18] . The prevalence and incidence of follicular lymphoma and particularly mantle cell lymphoma in the pediatric population are much lower compared to values in adults [20] . As current evidence suggests that ISFN and ISMCN are early lesions in lymphomagenesis, preceding the occurrence of full-blown lymphoma by years if not decades, it is expected, but has to date not been proven in a large study, that such lesions will occur with a much lower frequency in a pediatric population. Indeed, ISFN and ISMCN were not detected in this large unselected pediatric population. The probability of the appearance of the t(14; 18) translocation, which, on the whole, appears to be the only chromosomal imbalance (detectable by array CGH) in follicular lymphoma in situ [21] , is likely to increase with time and adequately explains the lack of ISFN detected in this young age group. Furthermore, although smoking and exposure to pesticides cannot be entirely excluded, the factors predisposing to increased levels of circulating t(14; 18) cells [21] [22] [23] are unlikely to have been significantly present in this study population.
Of note, this study did not specifically look at potential precursor lesions for the now clearly recognized pediatric type follicular lymphoma, an indolent type of follicular lymphoma mainly affecting children and young adults, notably lacking the classical t(14; 18) translocation and bcl-2 protein expression [24] .
In addition to providing insight into the presence -or in this case the absence -of in situ lymphocytic neoplasias in a pediatric population, our study also provides interesting information on the distribution of reactive lymph node changes in lymphadenectomy specimens. The spectrum of reactive lymph node changes was broad, with heterogeneous distributions possibly determined by regional variations in geography, demographics, catchment area, season, and year, respectively. As such, in pediatric lymph node samples lacking overt infiltration by malignant lymphoma, the results of the current study support the necessity for a detailed workup to exclude treatable infectious or inflammatory alterations responsible for the observed reactive changes and to 'exempt' the pathologist from undertaking extensive studies to exclude the unlikely event of ISFN or ISMCN. Interestingly, in a longer follow-up, 1 patient was diagnosed with DiGeorge syndrome and 4 with autoimmune lymphoproliferative syndrome, 2 siblings of whom developed B-cell lymphoproliferations during the course of the follow-up. Also in these select cases, however, no early in situ lesions were observed.
Study Limitations
Although the children undergoing lymphadenectomy, per definition, do not constitute an entirely 'healthy' population as such, there is no reason to believe that they differ significantly in their risk of presenting with ISFN or ISMCN compared to a truly healthy pediatric cohort. Furthermore, although extensive follow-up was not routinely available, only 3 cases presented with a malignant (non-mantle cell lymphoma and non-follicular lymphoma) lymphoma over time. (5) 1 One confirmed HIV+ case and 2 cases highly suspicious for HIV based on the morphological presentation but without conclusive follow-up data. 2 One case of DiGeorge syndrome (Basel) and 4 presumed cases of autoimmune lymphoproliferative syndrome (1 in Basel and 3 in Bern). LA = Lymphadenopathy.
In summary, in situ neoplasia of the ISFN and ISMCN type before the age of 18 years is an exceedingly rare and likely clinically insignificant finding. So, while this study provides an expected 'negative result', proof of this is of imminent importance as it provides first-hand evidence for the hypothesis of stepwise lymphomagenesis with age. Importantly, our data suggests that ancillary studies in addition to routine stains are not warranted to specifically search for and rule out ISFN or ISMCN. Clinically relevant nonneoplastic lymph node changes, in particular those of an infectious or immune-dysregulatory nature, are much more important to recognize to potentially guide clinical management and determine the future follow-up of pediatric patients with lymphadenopathies.
